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Abstract of JP7074087 

PURPOSE: To obtain an accurate pattern of an 
MLR, by etching an exposed part of a second 
inorganic resist film, etching a first inorganic 
resist film by using an unexposed part as a mask, 
and etching in order an intermediate layer and a 
lower layer resist film by using an upper layer 
resist film pattern as a mask. 
CONSTITUTION: A lower layer resist film 65 is 
vapor deposited on a semiconductor substrate 61 
wherein a semiconductor element 63 having 
step-difference is formed. On the film 65, an 
intermediate layer 67 is formed, on which an 
upper layer resist film 69 composed of a first 
inorganic resist film 70 and a second resist film 
71 is vapor deposited. Exposure is performed by 
using a pattern mask 73, and the exposed part 
76 of the second inorganic upper resist film 71 is 
etched. By using the second inorganic upper 
resist film 71 of the unexposed part as a mask, 
the exposed part of the first inorganic upper layer 
resist film 70 is etched. By using the obtained 
pattern of the upper layer resist film 69 as a 
mask, the intermediate layer 67 and the lower 
layer resist film 65 are etched, and an MLR 
pattern 77 is obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] Especially this invention relates to the pattern formation approach of a MLR 
process using minerals about the multiple level resist process (MLR) in the production process of a 
semiconductor device. 
[0002] 

[Description of the Prior Art] Drawing 1 - drawing 4 are the formation process Figs, of the MLR pattern 
using an organic resist in case there is no conventional level difference. As shown in drawing 1 , the 
lower layer resist film 13, the middle class 15, and the positive upper resist film 17 are applied one by 
one on the semi-conductor substrate 11. The lower layer resist film 13 and the upper resist film 17 are 
organic resist film, and an interlayer 15 uses either the SOG film (Spin On Glass) or PE oxide film as an 
insulator layer. 

[0003] The light source 21 is made to expose the upper resist film 17 using the pattern mask 19, as 
shown in drawing 2 . Since the exposed part is removed at the time of development, the positive upper 
resist film 17 forms the pattern of the upper resist film 17, as shown in drawing 3 . As shown in drawing 
4 , the middle class 15 and the lower layer resist film 19 are etched by using the pattern of the upper 
resist film 17 as a mask, and the MLR pattern 23 is formed. The MLR pattern 23 acts at a back process 
considering the polish recon film used as a lower layer, a metal membrane, or an oxide film as a mask at 
the time of etching. The approach of forming the MLR pattern using the conventional organic resist is 
CI at the time of etching of the upper resist film 17 of the quality of organic. - A polymer 25 is formed in 
the side attachment wall of the MLR pattern 23 of the reaction of a radical. Therefore, there was a 
trouble of the MLR pattern 23 having had irregular line breadth bias, and a micro loading effect (micro- 
loading effect) having arisen, and being hard to adjust a critical area (critical dimension) by the tight 
ness of a pattern. 

[0004] Drawing 5 - drawing 9 are the formation process Figs, of the MLR pattern using an organic resist 
in case there is the conventional level difference. If drawing 5 is referred to, when the semiconductor 
device 33 which has a part for a part with flat front faces, such as a capacitor eel of a three dimension, 
(P) and a slot (R) on a silicon substrate 31 is formed, a level difference will generate it by the usual 
semi-conductor production process. In order to remove this level difference, a MLR flattening process is 
given. That is, the lower layer resist film 35 of the quality of organic is thickly vapor-deposited all over 
a substrate, an insulator layer like the SOG film or PE oxide film is formed as the middle class 37 on the 
lower layer resist film 35, and the upper resist film 39 of the quality of organic is vapor-deposited on it. 
At this time, the upper resist film 39 is positive. Even if it performed the MLR flattening process, 
flattening of no front faces is carried out by the level difference of a semiconductor device. 
[0005] If drawing 6 is referred to, after performing a MLR flattening process, a contact hole will be 
appointed using the pattern mask 41 . In order to appoint a contact hole, in case the light source 43 is 
made exposed, the surface area of the upper resist film 39 exposed by the light source 43 with a surface 
level difference by part for the flat-surface part (P) of a semiconductor device 33 and a slot (R) will be 
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' different. If drawing 7 is referred to, like drawing 1 - drawing 4 , a MLR pattern formation process will 
be performed and the MLR pattern 45 will be formed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the surface area of the upper resist film 39 
exposed by part for a flat-surface part (P) and a slot (R) will be different as shown in drawing 6 when 
there is a level difference, the MLR pattern 45 which has the width of face for which it asks cannot be 
obtained. Therefore, the contact hole 47 of the magnitude for which it asks even if it etches the 
semiconductor device 33 which is the lower layer of the MLR pattern 45 using this MLR pattern 45 and 
forms a contact hole 47, as shown in drawing 9 can be obtained no longer. That is, drawing 8 is the top 
view of a contact hole 47, and as shown in drawing, the magnitude of the contact hole 47 for a flat- 
surface part (P) and a slot (R) is different. Therefore, a front face cannot become flat to be alike to that 
extent after a flattening process, and the conventional MLR pattern formation approach using an organic 
resist cannot form correctly the MLR pattern for which it asks since the level difference of the 
semiconductor device which is a lower layer is held even to the MLR film of an up layer as shown in 
drawing 6 , when the level difference of a semiconductor device is about 1.5 micrometers or more. 
[0007] Moreover, even if it forms a contact hole 49 using the contact hole mask 41, the magnitude of a 
contact hole is not formed like a request. Moreover, since an organic resist is similarly used when there 
is a level difference, like explanation of drawing 1 - drawing 4 , a polymer will be formed in the side 
face of a MLR pattern, and the very thing of the configuration of a contact hole will also deform. The 
purpose of this invention is to offer the MLR pattern formation approach using the minerals resist from 
which an exact pattern is obtained. 
[0008] 

[Means for Solving the Problem] The step which vapor-deposits the lower layer resist film on the semi- 
conductor substrate with which the semiconductor device which has a level difference was formed 
according to this invention in order to attain the above-mentioned purpose, The step which forms the 
middle class on the lower layer resist film, and the step which vapor-deposits the upper resist film which 
consists of 1st minerals resist film and 2nd minerals resist film on the middle class, The step which 
exposes the upper resist film using a pattern mask, and the step which etches the exposure part of the 
2nd minerals resist film among the upper resist film, The step which etches the 1st minerals resist film 
by using the exposure part of the remaining 2nd minerals resist film as a mask, and forms the pattern of 
the upper resist film, Sequential etching of the middle class and the lower layer resist film is carried out 
by using the pattern of the upper resist film as a mask, and the MLR pattern formation approach 
containing the step which forms a MLR pattern, and the step which removes the pattern of the remaining 
upper resist film is offered. 
[0009] 

[Example] Drawing 10 - drawing 16 are the formation process Figs, of the MLR pattern using the 
minerals resist by the example of this invention. If drawing 10 is referred to, the semiconductor device 
63 which has a level difference like the capacitor eel of a three dimension is formed on the semi- 
conductor substrate 61. The semiconductor device 63 consists of a part for the surface fang furrow part 
(R) and a flat part (P). If drawing 1 1 is referred to, 130% or more of thickness of the level difference of a 
semiconductor device 63 will be made to vapor-deposit and carry out primary flattening of the lower 
layer resist film 65 on the semi-conductor substrate 61 with which the semiconductor device 63 was 
formed. Minerals resist film like 1-GexSex film or the organic resist film can be used for the lower layer 
resist film 65. 

[0010] An insulator layer like PE oxide film or the SOG film is formed as the middle class 67 on the 
lower layer resist film 65, and secondary flattening of the positive upper resist film 69 is formed and 
carried out on it. Therefore, the front face will be in the condition that flattening was carried out 
completely. 

[001 1] the upper resist film 70 and Ag2Se of the 1st minerals [ like 1-GexSex film ] whose upper resist 
film 69 is two-layer structure with the upper resist film 71 of the 2nd minerals [ like ] — having — as the 
upper resist film 69 - Ag2 Se/GexSe 1-x except [ of the minerals resist film ] — Ag2 S/As2S3 As2Se3 
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or ~ Ag2 Te/As-Te etc. - it can use. The upper resist film 70 of the 1st minerals is vapor-deposited by 
2000-3000A thickness by the RF spatter (RF Sputter), and carries out vacuum evaporationo formation of 
the upper resist film 71 of the 2nd minerals by the thickness of 500A or less by the RF spatter. 
[0012] If it exposes to the light source 75 using the pattern mask 73 like drawing 12 after performing a 
flattening process, as for the part 76 exposed to the light source of the upper resist film 69, photograph 
doping (photo doping) will take place. The part 76 by which the upper resist film 71 of the 2nd minerals 
was exposed is etched like drawing 13 with an alkali solution, the part by which the upper resist film 70 
of the 1st minerals was exposed by using the upper resist film 71 of the 2nd minerals of a non-exposing 
part as a mask is etched, and the pattern of upper resist film 69 like drawing 14 is obtained. In drawing 
12 , drawing-number (sign) 76' shows the part by which the upper resist film 69 shown with the top 
view was exposed. Since flattening of the front face is carried out completely, the upper resist film 69 
will have the area with the exposed same part 76 to the light source 75 using the pattern mask 73 at the 
time of exposure. 

[0013] Like drawing 1 5 , the lower layer resist film 65 is etched with the middle class 67 as a mask of 
the pattern of the upper resist film 69, and the MLR pattern 77 is obtained. The upper resist film 69 of a 
non-exposing part is removed altogether. A HN03-HC1-H20 compound solution removes the non- 
exposing part of the upper resist film 71 of the 2nd minerals among the upper resist film 69, and the 
non-exposing part of the upper resist film 70 of the 1st minerals is CF4, and CHF3 and SF6. Gas [ like ] 
or an alkali solution removes. 

[0014] On the other hand, when forming a MLR pattern using the negative upper resist film, the non- 
exposing part of the upper resist film 71 of the 2nd minerals is etched with a HN03-HC1-H20 
compound solution, the non-exposing part of the upper resist film 70 of the 1st minerals is etched by 
using the upper resist film 71 of the 2nd minerals of an exposure part as a mask, and the pattern of the 
upper resist film 69 is formed. Besides, the lower layer resist film 65 is etched with the middle class 67 
by using the pattern of the layer resist film 69 as a mask, and the MLR pattern 77 is formed. It is an 
alkali solution or CF4, and CHF3 and SF6 after formation of the MLR pattern 77 about the exposure 
parts 76 of the remaining upper resist film 69 71, i.e., the upper resist film of the 2nd minerals, and the 
upper resist film 70 of the 1 st minerals. It removes using gas [ like ] . 

[0015] Drawing 17 is process drawing which forms a contact hole 79 using the MLR mask 77 obtained 
from the above. If the semiconductor device 63 which is a lower layer is etched using the MLR mask 77, 
a contact hole 79 will be formed. Drawing 16 is what showed the contact hole 79 superficially, and in 
this invention, since the MLR mask 77 for which it asks can be obtained, it turns out that the contact 
hole 79 of desired magnitude can be altogether obtained in a part for a slot (R) and the flat-surface part 
(P) of a semiconductor device 63. 

[0016] Drawing 1 8 and 19 are the drawings for explaining the photograph doping phenomenon 
generated from the upper resist film 69 in the case of exposure. Like drawing 1 8 , if the light source 75 
is made to expose the upper resist film 69 using the pattern mask 73, as for the part 76 exposed by the 
light source 75 of the upper resist film 76, photograph doping will take place. Therefore, Ag2Se which 
is the upper resist film 71 of the inside of the upper resist film 76, and the 2nd minerals Ag It moves to 
GexSe 1-x which is the upper resist film 70 of the 1st minerals, and is Ag+. The trap of the ion is carried 
out into the electron of GexSe 1-x. That is, it sets on the upper resist film 69 with which light was 
scanned from the light source 75, and is hv. -> e++h+2hv+Ag2Se -> 2Ag++Se arises. 
[0017] 

[Effect of the Invention] According to this invention, the following effectiveness is acquired as 
explained above. When 1.5 micrometers or more of level differences occur, since the approach using the 
conventional organic resist film cannot carry out flattening of the front face completely, it cannot obtain 
an exact MLR pattern. In this invention, since the minerals resist film is used, flattening of the front face 
can be carried out completely, and an exact MLR pattern can be obtained. Therefore, the contact hole of 
the magnitude for which it asks also at the time of formation of the contact hole using a consecutive 
MLR pattern can be obtained. Moreover, since the problem in which a polymer is formed is also 
solvable at the time of MLR etching of the quality of organic, it means that the bias of a critical area was 
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* stabilized, the micro RODINGU effectiveness can be decreased, and, thereby, resolution can be 
improved. 



[Translation done.] 
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' * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The step which vapor-deposits the lower layer resist film on the semi-conductor substrate with 
which the semiconductor device which has a level difference was formed, The step which forms the 
middle class on the lower layer resist film, and the step which vapor-deposits the upper resist film which 
consists of 1st minerals resist film and 2nd minerals resist film on the middle class, The step which 
exposes the upper resist film using a pattern mask, and the step which etches the exposure part of the 
2nd minerals resist film among the upper resist film, The step which etches the 1st minerals resist film 
by using the non-exposing part of the remaining 2nd minerals resist film as a mask, and forms the 
pattern of the upper resist film, The MLR pattern formation approach which carries out sequential 
etching of the middle class and the lower layer resist film by using the pattern of the upper resist film as 
a mask, and is characterized by including the step which forms a MLR pattern, and the step which 
removes the pattern of the remaining upper resist film. 

[Claim 2] The MLR pattern formation approach according to claim 1 characterized by forming the lower 
layer resist film by 130% or more of thickness of the level difference of a semiconductor device. 
[Claim 3] The MLR pattern formation approach according to claim 1 characterized by using the organic 
resist film as lower layer resist film. 

[Claim 4] The MLR pattern formation approach according to claim 2 characterized by using the 
minerals resist film as lower layer resist film. 

[Claim 5] The MLR pattern formation approach according to claim 4 characterized by using GexSe 1-x 
as lower layer resist film. 

[Claim 6] As upper resist film, it is Ag2 Se/GexSe 1-x. The MLR pattern formation approach according 
to claim 1 characterized by using. 

[Claim 7] As upper resist film, it is Ag2 Se/As2S3. Ag2Se3 Ag2Te / As-Te The MLR pattern formation 
approach according to claim 1 characterized by using either. 

[Claim 8] The upper resist film of the 1st minerals is the MLR pattern formation approach according to 

claim 1 characterized by forming by 2000-3000A thickness by the RF spatter (RF Sputter). 

[Claim 9] The upper resist film of the 2nd minerals is the MLR pattern formation approach according to 

claim 1 characterized by forming by the thickness of 500A or less by the RF spatter. 

[Claim 10] The MLR pattern formation approach according to claim 1 that the upper resist film is 

characterized by the positive thing. 

[Claim 11] The MLR pattern formation approach according to claim 10 characterized by etching the 
exposure part of the upper resist film of the 2nd minerals with an alkali solution. 

[Claim 12] The upper resist film of the inside of the pattern of the upper resist film and the 2nd minerals 
is the MLR pattern formation approach according to claim 1 characterized by removing with a HN03- 
HC1-H20 compound solution. 

[Claim 13] The MLR pattern formation approach according to claim 1 characterized by removing the 
upper resist film of the 1st minerals with an alkali solution in the pattern of the upper resist film. 
[Claim 14] It is CF4, and CHF3 and SF6 about the upper resist film of the inside of the pattern of the 
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upper resist film, and the 1st minerals. The MLR pattern formation approach according to claim 1 
characterized by removing using either of gas [ like ]. 

[Claim 15] The step which vapor-deposits the lower layer resist film on the semi-conductor substrate 
with which the semiconductor device which has a level difference was formed, The step which forms 
the middle class on the lower layer resist film, and the step which vapor-deposits the upper resist film 
which consists of 1st minerals resist film and 2nd minerals resist film on the middle class, The step 
which exposes the upper resist film using a pattern mask, and the step which etches the non-exposing 
part of the 2nd minerals resist film among the upper resist film, The step which etches the 1st minerals 
resist film by using the exposure part of the remaining 2nd minerals resist film as a mask, and forms the 
pattern of the upper resist film, The MLR pattern formation approach which carries out sequential 
etching of the middle class and the lower layer resist film by using the pattern of the upper resist film as 
a mask, and is characterized by including the step which forms a MLR pattern, and the step which 
removes the pattern of the remaining upper resist film. 

[Claim 16] The MLR pattern formation approach according to claim 15 that the upper photoresist film is 
characterized by the negative thing. 

[Claim 17] The MLR pattern formation approach according to claim 15 characterized by etchmg the 
non-exposing part of the 2nd minerals resist film with a HN03-HC1-H20 compound solution. 
[Claim 18] The MLR pattern formation approach according to claim 15 characterized by removing the 
pattern of the remaining upper resist film with an alkali solution. 



[Translation done.] 
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